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Introduction
The 2007 -2009 global financial crisis has provoked a severe contraction of economic activity as credit supply fell ("credit crunch") and international trade declined. Peaking in September 2008, the ability of the financial system to allocate loanable funds has been persistently constrained and total factor productivity (TFP) has fallen (see IMF (2009, ch. 4) ). Several recent studies provide support for this view (see, e. g., Estevão and Severo (2010) Haugh, Ollivaud, and Turner (2009) , Meza and Quintin (2005) and Cole, Ohanian, and Leung (2005) ). 1
On the international financial market, countries which already had a high foreign debt to GDP ratio and disadvantageous macroeconomic prospects in terms of growth, unemployment, or structural labor market weaknesses, where charged with high risk premia. E. g., the interest rate spread between Greece and Germany was raised from close to zero in 2006 to roughly 4 percentage points in January 2010. Many of these highly-indebted countries also suffer from persistent and higher unemployment. In the troubled countries of the Euro-zone -Portugal, Ireland, Greece, and Spain -the harmonized OECD unemployment rates increased from 8.1% to 11.1%, 4.6% to 13.7%, 8.3% to 12.9%, and 8.3% to 20.5% between 2007 and the third quarter of 2010, respectively. In consideration of these observations, the focus of this paper is the explanation of the unemployment dynamics in highly-indebted open economies in the aftermath of negative TFP shocks and increases in the interest rate risk premium.
In order to analyze the dynamics of unemployment, we therefore augment and modify the standard representative agent model of a one-sector, two-good open economy (see, e. g., Turnovsky (2000, ch. 11) ) by introducing search unemployment a la Mortensen and Pissarides 2 and wage bargaining in a similar way as in the closed economy models of Shi and Wen (1997, 1999) and Heer (2003) .
Unemployment results from time-consuming and costly matching of vacancies with agents who search for a job. In addition, we also discuss the effects of sticky wages on unemployment dynamics and welfare.
Our model follows Schubert (forthcoming) and differs from Shi (2001) and the closed economy versions of Shi and Wen (1997, 1999) and Heer (2003) in several important aspects. First, the representative agent's utility function is assumed to be non-separable with respect to consumption and leisure, allowing for richer consumption dynamics. Second, we introduce investment adjustment costs, giving rise to a Tobin q theory of investment. This enriches the dynamics and allows us to investigate the time profile of stock prices (the price of capital). Third, we depart from the assumption that the production function is Cobb-Douglas and use the more general constant elasticity of 1 As one of the few exceptions, Petrosky-Nadeau (2010) comes to the opposite conclusion that TFP increased after the 2008 financial crisis.
2 See Pissarides (2000) for an overview. 1 substitution (CES) specification. Fourth, we endogenize the interest rate by imposing a country specific risk premium which depends on the country's ability to service its foreign debt, proxied by the debt-GDP ratio. Fifth, we introduce sticky wages into the model. We find that a pure total factor productivity shock has a modest short-run effect on unemployment and leads to a decumulation of capital and debt. The debt dynamics, albeit small in magnitude, induce a capital flow reversal. The welfare loss of the shock is considerable. In contrast, a pure interest risk premium shock leads to a large increase in unemployment. The capital stock, output, and labor evolve in a non-monotonic way, and during transition the economy drastically reduces its debt. The overall welfare effect of an increase in the risk premium is positive. This implies that from a long-run point of view, the increase in a country's risk premium is welfare improving. If the two shocks occur together, the responses of capital, output, unemployment, and the interest rate reinforce themselves, whereas the consumption adjustment is dampened, and the welfare loss is reduced. If the shock is combined with a 50% debt cancelation, the welfare loss is less than half as large because of the lower debt service. In case of a transitory TFP shock combined with a risk premium shock, there is a welfare gain. If, in addition, real wages are sticky, unemployment is much more persistent.
The paper is structured as follows. The model is introduced in Section 2 and calibrated in Section 3.
The steady-state effects of the shocks are presented in Section 4. We separately study the dynamic effects of (i) a negative total factor productivity (TFP) shock and (ii) an exogenous increase in the country's interest rate risk premium in Sections 5 and 6, respectively. In Section 7, we consider a combination of both shocks and study how economic activity is reduced. Section 8 presents our results for a 50% haircut of foreign debt. Finally, we analyze the effects of a transitory TFP shock in presence of labor market frictions in the form of sticky wages in Section 9. Section 10 concludes. 3
The Model
The model introduces search into a semi-small open economy model of the Turnovsky (2000, ch. 11.3, 11.4) type. Four sectors can be distinguished: households, firms, the government, and the international sector, which we consider in turn.
Households
The domestic economy is populated by many identical households. Each household consists of a continuum of agents with a fixed measure. Each household is endowed with one unit of time, 
where κ is the weight of the domestically produced good (0 < κ < 1), and ψ denotes the intratemporal elasticity of substitution between the domestic and the foreign consumption good.
The economy has access to a world capital market, allowing it to borrow internationally. However, it faces restrictions in doing so, according to lenders' assessment of its creditworthiness. We incorporate this by assuming that the international capital market imposes a borrowing premium (risk premium), which is an increasing function Σ of the ratio of the country's stock of foreign debt, n, to the value of its GDP, y/p, expressed in terms of the foreign good (to be determined in equilibrium), i. e.
where r * is the exogenously given riskless world interest rate (e. g. the LIBOR). Equation (1b) represents an upward sloping supply curve of foreign debt. In making his borrowing/lending decisions, the agent takes the interest rate as given. This is because the interest rate facing the nation is a function of its aggregate debt, which the representative agent, being atomistic, rationally assumes that he cannot influence.
The representative household 4 earns wage income from labor and gets the after-tax profits π of the representative firm he owns, and uses his income to pay interest on his debt b (denoted in terms of the foreign good), to purchase the consumption bundle c, the price of which is P , and to pay lump-sum taxes, T . His flow budget constraint is thuṡ
where p denotes the real exchange rate (the relative price of the imported good in terms of the domestic good).
The variable w denotes the wage rate, and τ w the labor income tax rate. The variable P denotes the price of the consumption bundle in terms of the domestic good and is defined as 
where ϕ denotes the job finding rate, which the individual agent takes as given, and ζ is the exogenously given rate of job separation. 6
The representative household derives utility from consumption c and leisure L. He maximizes the
by choosing the rates of consumption, c, and search, s, and the rates of bonds and labor accumulation, subject to the flow budget constraints (1c) and (1e), and the given initial stocks of traded bonds, b(0) = b 0 , and labor, l s (0) = l s 0 , respectively. β denotes the agent's rate of time preference, taken to be constant. The intertemporal elasticity of substitution w. r. t. the consumption bundle c is equal to 1/(1 − ϵ), and θ denotes the elasticity of leisure. The household's first order conditions are given by
and the transversality conditions
where λ is the shadow value of wealth in the form of internationally traded bonds, i. e., the marginal utility of wealth, and ν is the shadow price of employment. Condition (3a) equates the marginal 5 The expression for P is derived by solving the expenditure minimization problem min
, where c is defined in (1a). That is, P denotes the minimum expenditure in terms of the domestic good necessary to buy one unit of c. The rates of consumption follow then as
See Obstfeld and Rogoff (1996) , pp. 226.
6 Following Shi and Wen (1997, 1999) , and Heer (2003) , the job destruction rate is assumed to be exogenous to not further complicate the model. Moreover, as it is discussed in Pissarides (2000, ch. 2), the dynamics in case of an endogenous job destruction rate are similar to those derived in a model where the job separation rate is exogenous.
utility of consumption of the consumption bundle to the marginal utility of wealth, measured in terms of the consumption bundle. Equation (3b) equates the marginal cost of search (i. e. the (dis)utility) to the marginal benefit of search, i. e. the probability of finding a job times the value of employment. The dynamic equation (3c) requires the rate of return on consumption to be equal to the rate of return on bonds. The dynamic no-arbitrage condition (3d) requires the rate of return on employment, comprising the "dividend yield" of employment, λ(1 − τ w )w/(νp), the "capital gain"ν/ν and the loss due to job destruction ζ, to be equal to the "effective" discount rate β + ϕ.
Finally, in order to ensure that the agent's intertemporal budget constraint is met, the transversality conditions (3e) must hold.
Firms
The economy comprises also a large number of identical firms. Firms produce a domestic good, y, by combining capital, k, and labor, which is demanded at an amount l d , by means of a constant elasticity of substitution (CES) production function
where A is a scale parameter, summarizing total factor productivity, and α denotes the share of capital in production. The constant elasticity of substitution is given by σ ≡ 1/(1 + ρ). Capital accumulation is due to convex installation costs, resulting in a total investment cost function
where adjustment costs are convex in I and proportional to the rate of investment per unit of installed capital, I/k. Letting δ denote the rate of depreciation of the capital stock, the rate of capital accumulation is given bẏ
Workers separate from a job at rate ζ. The individual firm takes the probability φ of filling a vacancy v as given. Hence, the firm's employment followṡ
The firm has to pay a cost for maintaining a number of job vacancies equal to mv. This cost includes advertising costs (Pissarides (1987) ), and can also be thought of as a hiring/recruiting cost (Pissarides (1986) , Mortensen and Pissarides (1994) ), and/or as the cost of a human resources division. The firm's operating profit (capital earnings), y − wl d − mv, is taxed at rate τ k . Thus, the firm's net profits are given by
5
The firm's objective is to maximize the value of the firm, i. e. the present value of profits, V
by choosing investment I, vacancies v, the rates of capital accumulation and labor l d , subject to equations (4c) and (4d), and the initial stocks of capital and labor, k(0) = k 0 and l d (0) = l d 0 . r d denotes the domestic interest rate. In equilibrium, uncovered interest rate parity holds, and the domestic interest rate is equal to the foreign interest rate plus the rate of depreciation of the real exchange rate,
Solving the firm's optimization problem gives rise to the following first order conditions:
where q is the market price of installed capital and ξ denotes the shadow price of labor. Equation (6a) determines the rate of investment, I, and gives rise to a Tobin q theory. Given the capital stock, the higher q, the more the firm will invest. Equation (6b) equates the marginal cost of vacancy to its marginal benefit. The dynamic no-arbitrage relation (6c) requires that the rate of return on capital is equal to the domestic interest rate. The rate of return on domestic capital comprises four terms. The first is the "dividend yield", the second the capital gain, the third reflects the fact that a benefit of a higher capital stock is to reduce the installation costs (which depend on I/k) associated with new investment, whereas the fourth element represents a loss due to the depreciating capital stock. The no-arbitrage relation (6d) equates the rate of return on labor, comprising a "dividend yield", a "capital gain", and two losses due to wage payments and job destruction, to the domestic interest rate. Finally, the transversality conditions (6e) must hold.
Goods Market Clearing
Domestic goods market equilibrium requires that output is allocated to domestic consumption, government spending, g, investment expenditures, exports, and hiring costs, i. e.
where Z(p) denotes exports as a function of the real exchange rate. We shall assume that export demand is a function with constant price elasticity ε
where Z 0 represents an exogenous shift parameter. Goods market clearance (7) is maintained by proper adjustments of the real exchange rate, p.
Matching and Wage Determination
As in Shi and Wen (1997, 1999) , and Heer (2003), labor markets are subject to frictions and are characterized by two-sided search. Matching vacancies with searching agents is a time-consuming process. To simplify notation, v and s also denote the aggregate numbers of vacancies and searching agents, respectively. We assume a constant returns to scale matching technology of the Cobb-
Thus, matches per unemployed agent can be expressed as ϕ = B(v/s) χ , and matches per vacancy as
Hence, the probabilities of finding a job and of filling a vacancy are endogenously determined, whereas households and firms take them as given. Defining x ≡ v/s as the vacancyunemployment ratio, we can write
where we see that matches per searching agent ϕ are an increasing function in the vacancyunemployment ratio, whereas matches per vacancy φ are a decreasing function in x.
Once an unemployed agent is matched with a vacancy, the agent and the firm negotiate the time path of the agent's wage rate w. Wages are measured in terms of the domestic good and are determined by Nash bargaining. Hiring an additional worker will increase the firm's surplus by (∂y/∂l − w). By accepting a job offer, the household's income rises by (1 − τ w )w, the value of which in terms of utility is (λ/p)(1 − τ w )w. On the other hand, an increase in labor reduces agent's utility (1−l s −s) (1−τw) , where the second term can be interpreted as the household's reservation wage. Hence, the Nash bargaining solution solves
The parameter 0 < ϱ < 1 measures the bargaining power of workers. The solution of the Nash bargaining game gives the wage rate
Thus, the wage rate is a weighted average of the marginal product of labor and the agent's reservation wage. Accordingly, the wage lies between the marginal product of labor and the marginal rate of substitution of leisure for consumption. This in sharp contrast to the standard model with a neoclassical labor market, where the wage rate equals both the marginal product of labor and the marginal rate of substitution. Note that, ceteris paribus, the wage rate depends positively on the price for the consumption bundle, P , which in turn is an increasing function of the real exchange rate, p (see (1d)).
Macroeconomic Equilibrium
The macroeconomic equilibrium is defined as follows (see Shi and Wen (1997, 1999) , Heer (2003)).
Definition. The competitive search equilibrium is a collection of decision rules {c, s, b, l, I, v, k}
and prices {q, w, p} such that 1. Individual variables equal (average) aggregate variables.
2. Households maximize their utility (2) subject to (1).
3. Firms maximize the value of the firm (5) subject to (4).
4. Wages are given by (10).
5. The market price of capital evolves according to (6c).
6. The real exchange rate p adjusts properly to continuously clear the domestic goods market (7).
7. Capital and aggregate debt accumulate according to (4c) and (12b), respectively.
8. Agents do not take into account the effect of their decisions on the matching rates ϕ and φ.
In equilibrium, φv = ϕs.
Employment evolves according to (1e).
10. Agents do not take into account the effect of their decisions on the interest rate r which is given by (1b).
Since the flow of workers in and out of employment are equal to each other in an symmetric equilibrium, that is φ(x)v = ϕ(x)s, equations (1e) and (4d) tell us that the supply of labor equals the demand for labor, i. e. l s = l d = l. Note that this market clearing condition does not pin down 8 the wage rate w as in the neoclassical framework. Rather, the wage rate is a result of bargaining and follows from equation (10). 7
Current Account
The stock of aggregate foreign debt in the economy is defined as the sum of private debt b and public debt a, i. e., n ≡ b + a, Adding the government's flow budget constrainṫ
to (1c) yields the national budget constrainṫ
i. e. the negative of the economy's current account. Equation (12) states that the economy accumulates foreign debt to finance its expenditures on consumption, investment, vacancy costs, and interest payments net of output produced. Inserting (7) into (12a), national foreign debt accumulationṅ (the negative of the country's current account) can equivalently be written aṡ
where Z(p)/p − c f is the trade balance, expressed in terms of the foreign good. Combining the transversality conditions for households and the government 8 gives rise to the intertemporal budget
The steady state and the dynamics of the economy are described in more detail in the Appendix that is available from the authors upon request.
Calibration Strategy
The period length is equal to one year. Our functional form for the country specific borrowing premium (13) follows Lim and McNelis (2008, ch. 2) and Eicher, Schubert, and Turnovsky (2008) :
7 On this issue, see Shi and Wen (1999, p. 465 ).
In our model, we have to calibrate the preference parameters {β, ϵ, ψ, κ}, the production parameters {A, ρ, α, δ, h, m}, the policy instruments {τ k , τ w , τ c , g}, the parameters of the export function {Z 0 , ε}, the labor market parameters {χ, ζ, ϱ, B, γ}, the exogenous world interest rate, r * , and the parameter of the interest rate premium rule, η. A summary of the calibration is provided in Table 1 .
We choose standard parameters for our calibration. As in Schubert (forthcoming), we set β = 0.04,
2), χ = 0.6, ζ = 0.125, ϱ = 0.5. As recent empirical evidence (see, e. g., Papageorgiou (2008) ) suggests that the elasticity of substitution in production, σ, is well below unity, we pick ρ = 1/3 as our benchmark, implying a production elasticity of substitution equal to σ = 0.75. The level of government spending is chosen in a way to yield an empirically plausible ratio of government spending to GDP of about 0.2. The initial real exchange rate is normalized to unity (p 0 = 1), and the export shift parameter Z 0 is adjusted in a way to maintain domestic goods market equilibrium. The riskless world interest rate is set to r * = 3%. A crucial parameter for the dynamics of indebted countries in response to a change in output is the interest-rate rule parameter η, which summarizes the sensitivity of the risk premium to the country's stock of aggregate debt, and thus characterizes its degree of access to the world financial market.
Empirical evidence on this is somewhat mixed though most studies, and particularly the more recent ones, obtain a significant and convex relationship. 9 Since these empirical studies embed this effect in larger structural empirical relationships, it is hard to relate the impact of the debt-output ratio to the value of η. 10 The value of η is the crucial determinant of the equilibrium debt-output ratio.
A value of η = 0.01 proxies unlimited access to the international financial market, which was the case for the countries we consider before the world financial crisis occurred. Further support for our benchmark value η = 0.01 is that it yields a plausible equilibrium debt-output ratio of around 100%, which is characteristic for some highly indebted economies like Greece, Irland and Portugal.
Our calibration of the labor market parameters implies an equilibrium unemployment rate of 8.17%.
The steady-state values of our model, using the benchmark calibration, are presented in Table 2 , reflecting a highly indebted economy with a debt-output ratio of approximately unity. The critical equilibrium ratios are all in their respective ranges. 11 
Steady State Effects
The steady-state effects of a fall of the productivity A from 1.0 to 0.97 and/or an increase of the interest rate parameter η from 0.01 to 0.03 are expressed in percentage changes and are summarized in Table 3 . The table also contains the short-run and long-run unemployment rates U E(0) and U E and the welfare changes ∆W (0)% and ∆W %, respectively. 12
Evidently, the pure TFP shock of A from 1.0 to 0.97 presented in the second column of Table 3 results in a lower steady-state capital stock, output, and consumption, but permanently higher unemployment (+3.3%), whereas the unemployment rate U E only slightly increases from 8.17%
to 8.41%. Since in steady-state the interest rate has to be equal to the time preference rate, the risk premium has to remain unchanged. As output falls, the economy's foreign debt has to fall.
The lower capital stock reduces the marginal product of labor, and the consumption cut lowers agents' reservation wage. Thus, the bargained steady-state wage falls by 4.4%. Note that labor approximately remains constant.
11 The capital value-output ratio qk/y is 2.5, the consumption-output ratio P c/y is 0.62, the share of labor income in GDP is 0.65, the debt-GDP ratio pn/y is 0.995, and labor is roughly one third (0.343) of available time.
12 Subsequent changes in welfare are obtained by expressing the change in the welfare measure (2) W = If the economy is hit by a pure interest rate shock, that is by an increase in the risk premium, the steady-state effects are quite different. Whereas the capital stock and output again fall, albeit by a somewhat smaller amount, the economy's debt dramatically reduces by two thirds. The reason is again that the steady-state risk premium has to remain constant, requiring thus a large debt reduction. In turn, despite the fact that output falls, the reduction in steady-state debt frees resources which allows higher consumption (+2%). In the wage bargain, lower marginal productivity of labor (because the capital stock is lower) is offset by a higher reservation wage (because of higher consumption), and the steady-state wage approximately remains constant. Because higher consumption can be financed with resources not longer used for debt service, the need to work and to search for a job is dampened. Employment l and unemployment s both fall by 2.3%, and the steady-state unemployment rate remains constant. Lower labor and search and higher consumption are welfare increasing, implying that the reduced willingness to lend to the economy is welfare-improving in the long run (on this somewhat paradoxical result, see Eicher, Schubert, and Turnovsky (2008) ).
If both shocks hit the economy at once, the final column in Table 3 reveals that the long-run reductions in capital and output are magnified, whereas the increase in unemployment and the consumption drop are dampened, compared to the case of a pure TFP shock. The reason for this is simple. The long-run debt reduction frees resources, and this dampens the negative effect of the 12 TFP shock.
Dynamic Effects of a Permanent Technology Shock
In Fig. 1 , we graph the transition following a permanent technology shock from A = 1.0 to A = 0.97 (and constant η). With the exception of the interest rate and national foreign debt, all variables are plotted relative to their respective initial base levels.
Figure 1: Transition after a permanent technology shock
On impact, the 3% TFP drop reduces output by 3% and lowers the marginal productivity of capital and thus its market price, q, causing a reduction in investment and starting a decumulation of the capital stock. The shock's negative wealth effect induces agents to cut back consumption and to increase search, resulting in a 10% increase in unemployment, s. The unemployment rate U E(0) jumps up to 8.92%, as presented in Table 3 . Higher search (unemployment) and lower consumption lead to an instantaneous welfare loss ∆W (0) of 4.39%. We have two opposing effects on the risk premium, Σ(pn/y). On the one hand, output y drops. On the other hand, the real exchange rate appreciates (a fall of p). As the decline in output is higher than the reduction in domestic aggregate demand, the real exchange rate has to appreciate by roughly 1% to maintain goods market equilibrium. The net effect on pn/y is positive so that the risk premium increases, pushing up the interest rate by roughly 2.5 basis points. Facing the increased debt service together with lower output, leaving less resources for investment and consumption, the economy starts to reduce its debt. This is achieved by a current account surplus, as the reduction in consumption of the foreign good, c f , outweighs the reduction in the export value in terms of the foreign good, Z/p.
Hence, in the first part of the transition, the economy lowers its debt, which in turn reduces the risk premium. The pre-shock interest rate (4%) is quickly approached after roughly seven years, and the interest rate remains lower thereafter. The reduced debt and the lower interest rate reduce the debt service, allowing thus to mitigate consumption cuts, compared to the case of a fixed interest rate.
As debt service becomes lower and lower over time, agents can afford a relatively high level of imports, whereas domestic goods market clearance calls for an ongoing appreciation (a fall in p)
because of successively lower production. The appreciation in turn reduces the export value and raises imports c f , ceteris paribus, worsening thus the trade balance. Hence, the current account deteriorates over time, and debt decumulation slows down and eventually stops. The interest rate has reached its minimal level during transition. From thereon, the financing of domestic expenditures requires new borrowing, and the debt position starts worsening as the stock of debt accumulates. In turn, this raises the risk premium, and the interest rate starts to increase. The country faces a capital flow reversal. 13 However, compared to the pre-shock situation, the economy ends up with a lower stock of debt.
After its impact increase by 10%, unemployment, s, returns quickly to a level roughly 3% higher than before the shock occurred, because agents become discouraged and reduce search efforts, and starts rising marginally from thereon, as agents still try to get jobs in an attempt to lower the burden of the debt service. The evolution of employment mirrors that of search, as an increase in search makes it easier for firms to match job vacancies with searching agents. However, the changes in employment (labor l) are quantitatively small.
In steady state, the country ends up with a slightly reduced stock of debt, lower capital, output (-3.6%) and consumption, and higher unemployment as well as with an increased unemployment rate (8.41%). As one can see from Fig. 1 , most of the output, consumption, wage, and real exchange rate adjustment happens on impact. The changes in the interest rate and debt are small and reflect the fact that a pure TFP shock mainly affects the economy's supply side with little effect on the balance of payments. The intuition behind that is straightforward. As the supply side of the economy is affected, a change in the relative price p maintains goods market equilibrium.
The induced changes in consumption, exports, and other key economic variables affect the current account and the interest rate premium only in an indirect and modest way. Hence, the pure TFP shock has an almost negligible effect on the interest rate risk premium and the economy's debt position. The overall welfare loss is considerable and amounts to 4.52%.
We can summarize that the effects of this pure supply side shock are considerable with respect to capital, output, consumption, and employment, but very small with respect to the interest rate and debt.
Dynamic Effects of a Permanent Shock on η
We now turn to a pure shock in the risk premium, holding TFP constant. The financial crisis led to a remarkable reduction in financial markets' willingness to lend, in particular to already highly indebted countries like Greece, Ireland, and Portugal. We assume that the risk premium parameter η rises permanently from 0.01 to 0.03. This leads to an immediate increase in the domestic interest rate. In Fig. 2 , we graph the transition following this shock.
Figure 2: Transition after a permanent shock on η
As the shock is a pure financial one, on impact production remains unaffected. However, the shock's wealth effect induces agents to cut back consumption, and the higher domestic interest rate chokes investment; thus, the real exchange rate has to depreciate (p has to increase) by roughly 3% to maintain goods market clearance. The increase in p raises the debt-GDP ratio, pn/y, despite the fact that output does not change on impact, and induces a further increase in the domestic interest rate above its increase due to the higher η. On impact, the interest rate r increases from 4.0% to 6.2%.
The increase in the interest rate leads to a dramatic increase in debt service, requiring additional resources to be financed. Hence, in sum on impact agents have to cut back consumption by roughly 7%. In an attempt to maintain consumption, they increase their search efforts, resulting in a tremendous increase in unemployment by roughly 40%. This pushes the unemployment rate U E (0) up to 11% (see Table 3 ). The instantaneous welfare loss is 8.29%, stemming from lower consumption and higher search. Higher search in turn makes it easier for firms to match their job vacancies. In addition, the reservation wage of the households is reduced. 14 Consequently employment starts to increase. After one year or so, employment is roughly 1.5% higher than it was before the shock happened. Offsetting the effect of the falling capital stock, the sharp increase in employment raises output in the very first stage of transition. The sharp reduction in consumption and the real depreciation turns the current account into surplus, and the economy starts reducing its debt.
Higher GDP and falling foreign debt reduces the risk premium, and the interest rate falls. Declining debt and debt service allow more resources to be used for consumption. Thus, after its impact drop consumption rises. As the capital stock falls, output quickly reverses its transition and starts to fall, requiring a real appreciation (p has to fall) to maintain goods market equilibrium. The falling p contributes to interest rate reductions, as pn/y becomes smaller. In turn, the lower interest rate stimulates consumption and starts to raise the agents' reservation wage again, resulting in increasing bargained wages, whereas the trade balance deteriorates due to the falling real exchange rate. Hence, the decumulation of debt slows down over time.
After roughly 20 years, the interest rate is sufficiently close to its steady-state level to make investment in capital attractive and to reverse the evolution of the country's capital stock. From thereon, the gradually increasing capital stock outweighs lower employment and results in a slightly rising output, but the capital stock remains below its pre-shock level.
In the long run, the economy's stock of foreign debt is substantially lower, implying a much smaller debt service. Accordingly, agents can afford to consume more despite the fact that output is permanently lower (-2.15%).
Unemployment quickly falls after its huge impact increase (+40%), and since the long-run debt service is sufficiently smaller, agents have less incentive to search for jobs, resulting in a steady-14 It is immediately evident from (10) that a fall in both c and s reduces w.
state reduction of unemployment by 2.3% and an unchanged long-run unemployment rate. 15 Also, the quick reduction in search efforts makes it more difficult to match job vacancies, and employment (labor l) falls after its initial increase. In fact, employment and unemployment move in tandem.
The differences to a pure TFP shock are striking. Comparing Figs. 1 and 2 , it is evident that the dynamics following the risk premium shock are much more pronounced and long-lasting. The adjustment of output, consumption, wages, labor, the real exchange rate, and the interest rate takes a long time; only after roughly 40 years the major part of adjustment is accomplished. The reason is that the shock directly affects the current account and the interest rate, and that debt can only adjust gradually. In contrast to a pure TFP shock, there is no capital flow reversal, but a reversal in the economy's physical capital stock.
In the long run, the sharply reduced debt allows the economy to produce less, requiring less labor and capital, and to consume more. The overall welfare effect of the risk premium shock is, somewhat paradoxically, positive (+1.28%). Despite the fact that the impact effects of the shock (large consumption cut and large increase in job search) cause a considerable immediate welfare loss (8.29%), consumption recovers during transition, whereas labor and search fall, thus increasing instantaneous welfare. Intertemporally, the impact welfare loss is more than compensated by future welfare increases, so that long-run welfare rises. Thus, a debtor economy is better off in having its access to the international financial market restricted. For countries like Greece, Ireland, and
Portugal this means that despite the short-run effects of the shock are very unpleasant and painful, in the long run they gain.
Dynamic Effects of a Combined Permanent Shock on A and η
Some countries were hit from the crisis in two ways suffering from both a TFP shock and an increase in the risk premium. In this section, we investigate the economy's transition after a combined TFP and risk premium shock. For this purpose we assume that A drops from 1.00 to 0.97 and η increases from 0.01 to 0.03. In Fig. 3 , we graph the transition following this shock.
Comparing Fig. 3 with Figs. 1 and 2 , we see that the dynamic transition resembles the one in case of a risk premium shock. The intuition is simple: The TFP as a supply side shock mainly impinges on output, with little effect on the interest rate (see Section 5), whereas the interest rate shock hits the economy by (i) increasing its debt service and directly affecting the current account, and by (ii) interfering with the no-arbitrage conditions (equations (3c), (6c) and (6d)), thus changing saving, investment, and search unemployment. In case of the combined shock, the effects on capital,
15 Labor and search drop by approximately the same percentage so that the unemployment rate is close to its old steady-state value prior to the shock. output, search, and the interest rate are magnified compared to the pure TFP shock. The short-run unemployment rate jumps up to 11.7%. The impact effect on consumption is magnified, too, and the instantaneous welfare loss amounts to 12.3%, whereas the long-run consumption reduction is dampened, because the economy's reduced debt lowers its debt service. In other words, in the long run the two shocks reinforce themselves with respect to capital and output (-5.74%), whereas they dampen each other with respect to consumption and welfare. In particular, the dynamic adjustment is sluggish, stemming mainly from the risk premium shock. The short-run welfare loss of the combined shock is 12.3% whereas its long-run welfare loss is 3.33%, where the latter number comes close to the sum of the welfare effects of the pure TFP shock (-4.52%) and the pure risk premium shock (+1.28%). Hence, in the long run a debtor economy being hit simultaneously from both shocks suffers less than in the case of a pure TFP shock, because the long-run debt reduction is -viewed in isolation -welfare improving.
Debt Cancelation
We briefly address the current discussion of a so-called haircut, that is, a partial debt forgiveness for countries like Greece. For that purpose, we shall assume that foreigners agree to cancel 50% of the economy's foreign debt at time zero (when the shock occurs). In this case, the transition dynamics of the economic variables as illustrated in Fig. 4 behave a little different than in the benchmark case displayed in Fig. 3 . Figure 4 : Transition after a permanent shock on A and η and debt cut in half
The main difference is that debt and thus debt service are reduced on impact. Consequently, despite the risk premium shock, the interest rate increases only by 60 basis points to 4.6%. The resources set free due to lower debt service in turn allow for relatively small consumption cuts, and reduce the incentives to search for jobs. Hence, on impact unemployment (search) falls by 2.5%. This lowers firms' ability to fill vacant jobs, and employment starts to fall. The instantaneous welfare loss is scaled down to 3.09%. The decumulating capital stock and lower employment reduce production further. This in turn requires further debt reduction, as the ability to service the debt declines, brought forward by a current account surplus. However, after the haircut the evolution of debt and the interest rate is quantitatively small. As output continues to fall, agents try to get jobs to maintain their consumption level, so that job search (unemployment) increases quickly and then permanently remains on a somewhat higher level (+1%). During transition, capital, employment (labor), output, the wage rate, the real exchange rate, and debt all fall monotonically, whereas consumption and search evolve in an non-monotonic manner.
Most importantly, the effect of a debt cancelation as a reaction upon the combined shock is huge.
In fact, the welfare loss of the productivity drop and the increase in borrowing costs η decreases from 3.33% to 1.45%.
Transitory Technology Shocks and Real Wage Rigidity
In the following, we study the effects of a temporary shock TFP shock. A falls from 1.0 to 0.97 in period t = 0 and afterwards, it follows the AR(1) process:
We set the autoregressive parameter ρ A equal to 0.05 in accordance with Ríos-Rull (1996) who chooses the AR(1) parameter 0.95 for a discrete-time process for annual data. The steady-state valueÃ equals unity, implying that A returns to its long-run level.
So far, we have assumed flexible wages. As shown by Hall (2005) and Blanchard and Galí (2010) in a related model with search unemployment and matching frictions, wage stickiness helps to improve the modeling of the unemployment response to a productivity shock. For this reason, we will distinguish two cases for the wage setting in this section: (i) continuous wage bargaining, and (ii) sticky wages.
In the first case, wages are set as in (10). Hall (2005) , however, argues that many wage rules are consistent with an equilibrium as long as they generate a positive surplus for both the firm and the workers. The Nash bargaining solution is just one of the possible allocation mechanism. In the second case, we follow Blanchard and Galí (2010) and assume that the wage schedule depends on productivity A:
with γ ∈ [0, 1] denoting an index of real wage rigidity and Θ > 0. We also follow these authors and choose the value γ = 0.5. We assume that in steady state the wage is equal to the Nash bargaining solution implying 16 Notice also that the responses of output, capital, and the interest rate are more pronounced in the case of sticky wages as well because wages do not fall sufficiently low in response to a productivity shock due to the rigidity. In turn, higher sticky wages provide more incentives for households to search for jobs. Thus, search unemployment is much more persistent compared to the flexible wage case. On the other hand, firms post fewer vacancies because of the higher wage. Hence, despite more search efforts, less jobs are matched, and labor reacts much more moderately than in case of flexible wages. Less labor flexibility in turn is also reflected in a lower output during the first 30 years after the shock. In the long run, the stronger decline in capital creates a more pronounced swing in output. 17 In contrast, there are barely any differences with respect to the real exchange 17 Note that during the first 40 years capital falls by more than in case of flexible wages because the marginal product of capital is relatively lower, due to a relatively higher capital-labor ratio, compared to the flexible wage case. rate, the interest rate and the stock of foreign debt. Again, sticky wages impinge on the economy's supply side and have little effects on its external sector.
An interesting finding is that welfare is higher in case of sticky wages compared to the case with flexible wages. At a first glance, this seems to be counterintuitive. However, the wage bargain itself is associated with a welfare loss. 18 Sticky wages may thus counterbalance this loss to some extent.
Since the TFP shock mitigates as time goes by and vanishes in the long run, only the risk premium shock remains permanently. The economy ends up with much lower debt, allowing therefore less production and labor and more consumption. Thus, from an intertemporal perspective, welfare increases. In the case of sticky wages, the welfare gain is 2.05%, compared to 1.63% in the case of flexible wages.
Conclusion
In this paper we have analyzed the impacts of TFP and risk premium shocks on the economic simulations, enabling us to analyze the short-run dynamics and the steady-state adjustments. We also have introduced sticky wagesà la Blanchard and Galí (2010) . We calibrated the model to replicate some structural key characteristics of highly indebted advanced economies like Greece, Ireland, or Portugal, which in the aftermath of the global financial crisis run into severe troubles both in terms of economic performance and in terms of their ability to borrow on the international financial market.
We find that a pure total factor productivity (TFP) shock has mainly supply side effects and barely affects the economy's foreign debt and the interest rate risk premium. Much of the adjustment to the shock occurs on impact, and the welfare loss of a permanent 3% decline in TFP is considerable (4.5%). In contrast, a pure risk premium shock causes considerable dynamic adjustments, during which the economy substantially reduces its debt. On impact, the shock causes unemployment to increase sharply, raising the unemployment rate from 8.17% to 11% and leading to a large instantaneous welfare loss (8.3%). However, the shock is associated with an intertemporal welfare gain (+1.28%), as lower debt service allows higher consumption and leisure and less production. If 18 The wage bargain is only efficient if the Hosios (1990) condition holds, which in general and in particular in the presence of taxes will not be the case.
22
both shocks jointly hit the economy, the dynamics follow that in case of a pure risk premium shock.
The short-run unemployment rate is pushed up to 11.71%, and the instantaneous welfare loss is huge (12.3%), whereas the intertemporal welfare loss (3.33%) is considerably dampened.
If the productivity shock is only temporary, the positive effects of the risk premium shock prevail in the long run, and welfare increases by 1.63%. If wages are sticky, the welfare gain is even larger (2.05%).
We can thus conclude that to the extent that highly indebted countries like Greece and others are mainly hit by a interest rate shock, despite the fact that the short-run effects of that shock are painful, will eventually be able to gain in the long run.
Appendix

Steady State
In steady state, all variables are constant and the technology level is equal to A =Ã. Accordingly, k =l =ṅ =q =ṡ =ẋ =ṗ = 0, and the steady state is described by the following set of equations:
This set of equations jointly determines the economy's steady state. Equations (16a) defines steady state output, whereas (16b) gives steady state consumption as a function of leisure (1 −l −s), prices and the marginal utility of wealth. Note that consumption depends negatively onλ. (16c) and (16d) define the consumption levels of the domestic and the imported good, respectively. The consumption based steady state price level is given in (16e). Total consumption expenditures follow then asPc. The steady state wage rate follows from (16f) and is a weighted average of the steady state marginal product of labor and the agent's steady state reservation wage, which in turn depends positively on consumption expenditures and the tax rate on labor income, and falls with increasing leisure. The steady state market price of installed capital is given in (16g). Equation (16h) requires that the flow into labor ϕ(x)s has to equal the flow into unemployment, ζl. Equation (16i) equates the steady state rate of return on capital to the world interest rate. Givenq, it determines the marginal product of capital and hence the capital-labor ratio, from which the marginal product of labor and output per worker follow, too. Equations (16j) and (16k) are the agent's and the firm's no-arbitrage conditions for labor. (16l) denotes the long run zero current account, requiring that interest paymentsrñ have to be financed with a trade balance surplus (Z 0p ε−1 −c f ). (16m) restates domestic goods market equilibrium. Finally, (16n) equates the time preference rate to the steady-state country-specific interest rate.
Dynamics
The differential equation is a system in the seven variables {k, l, n, s, x, q, p}.
In order to solve the system, we first derived a linear equation system:
with ς ≡ (k k ,˙l l ,ṅ n ,ṡ s ,ẋ x ,,ṗ p ) ′ and X and Y denoting a (7 × 7) and (7 × 1) matrix where the entries are functions of the endogenous variables k, l, n, s, x, q, and p. We then solved the linear system numerically and got a solution for the differential equationsk k ,˙l l , . . . as functions of the endogenous variables.
In order to solve for the transition dynamics, we have to solve a two-point boundary value problem. For the three sluggish variables, k, l, and n, three initial conditions, denoted by {k 0 , l 0 , n 0 }, are given. In the long run, the endogenous variables approach their new steady state values. Accordingly, the endpoints of all variables are known. Further, the new steady state is found to be locally stable for all cases considered in this paper. The Jacobian matrix of the differential equation system has three negative and four positive eigenvalues.
In the following, we derive the seven equations of the linear equation system (17). To obtain the first equation, insert (6a) into (4c) in order to get the dynamics of the capital stock:
The dynamics of the labor supply are found by inserting ϕ = Bx χ in (1e):
(12b) provides an equation for the dynamics of the net foreign assets n after substitution from (1b):
variables k, l, n, s, x, q, and p only:
Computation of the Welfare Measure
We compute the integrals (2) for the benchmark case and the comparison case with the help of numerical methods. In particular, we assume that the transition is completed after T years and that the new steady state values of consumption, labor and search are given by {c ′ , l ′ , s ′ }. The numerical approximation of the welfare at time t ≤ T is given by the sum: 
For t > T , we compute the welfare from:
Let the benchmark case be characterized by the constant values of consumption, labor and search {c,l,s} and the welfareW (t). We compute the consumption-equivalent change In the main text, we use the denotation ∆W % for the long-run welfare gain in percentage terms, δ c · 100, which follows from the above equation for t = 0. The instantaneous welfare gain, ∆W (0)%, is the percentage utility gain at time t = 0 which follows as δ c · 100 from the equation:
where c, l, and s are the values at the beginning of the transition at t = 0.
